We conducted a …eld experiment to examine the e¤ects of student feedback to teachers at a large Dutch school for intermediate vocational education. Students evaluated all teachers, but only a randomly selected group of teachers received feedback. Additionally, we asked all teachers before as well as after the experiment to assess their own performance on the same items. We …nd a precisely estimated zero average treatment e¤ect of receiving feedback on student evaluation scores a year later. Only those teachers whose self-assessment before the experiment is much more positive than their students'evaluations improve signi…cantly in response to receiving feedback. We also …nd that provision of feedback reduces the gap between teachers' self-assessment and students'assessment, but only to a limited extent. All of these results are driven by the female teachers in our sample; male teachers turn out to be unresponsive to student feedback.
Introduction
Regular provision of performance feedback to employees is common practice in many organizations. Feedback often serves as a means to provide recognition to good performers as well as to help employees learn about how to improve one's performance. Several recent studies have investigated the e¤ect of receiving feedback on performance. In a variety of organizations and contexts, these studies have shown that the provision of feedback can have sizeable positive e¤ects on performance ( Azmat et al. 2017 ). Barankay (2012) and Bandiera et al. (2013) show that feedback can also have an adverse e¤ect on performance.
Providing employees with feedback on their performance has also become increasingly popular in education. Many schools use students' evaluations of teachers to enable and motivate teachers to improve teaching. Moreover, evaluations sometimes play a role in tenure, bonus, and promotion decisions (Watts and Becker, 1999) . There is an extensive literature that studies the use of students' evaluations in teaching (see for instance Cohen 1980 and Marsh 2007 for overviews of the literature). In general, studies …nd positive but small e¤ects of students'feedback on the performance of teachers.
This paper studies the e¤ect of students'feedback on the performance of teachers by conducting a …eld experiment at a large Dutch school for intermediate vocational education. Students were asked to evaluate their teachers using a questionnaire consisting of 19 items. We implemented a feedback treatment where a randomly chosen group of teachers received the outcomes of their students'evaluations. The other group of teachers was evaluated as well but did not receive any personal feedback. We estimate the e¤ect of receiving feedback on teachers'performance by examining students'evaluations of teachers a year later. 1 In contrast to most previous studies (Centra, 1 There are no standardized test scores or other objective measures of student performance available. Hence, we cannot examine whether providing feedback a¤ects students'performance and/or teachers'value added. Carrell and West (2010) and Braga et al. (2014) present evidence that student evaluation scores are negatively correlated with teachers'value-added, raising doubts about the usefulness of student evaluations. Beleche et al. (2012) , on the other hand, …nd a robust positive association between student learning and course evaluations. Likewise, Mengel et al. (2018) …nd a positive correlation for male teachers, while there is little correlation for female teachers in their sample. Note also that, even if the correlation in our context would be negative, this need not imply that 1973, being the main exception), we also investigate whether the e¤ect of feedback depends on how student evaluations di¤er from the teacher's own performance assessment on the same items. For that purpose, we collect data on teachers'self-assessed performance both before and after the experiment. Another di¤erence with most previous studies is that we examine the e¤ect of feedback over a much longer period of time, namely a full year. Earlier studies are typically restricted to studying the e¤ects of feedback within a semester.
The results of our experiment show that receiving feedback has no e¤ect on feedback scores of teachers a year later. We …nd a precisely estimated zero average treatment e¤ect of 0:04 on a 5-point scale with a standard error of 0:05. Our results di¤er somewhat from the …ndings of the existing studies mentioned above. A possible explanation for the lack of a treatment e¤ect in our study may be that we investigate the e¤ect of feedback in the long run. Feedback may a¤ect short-run performance, but the e¤ect may fade away in the long run, as in Azmat et al. (2017) in the context of providing relative performance information to students.
Next, we study whether the content of the feedback matters for the e¤ect of receiving feedback on performance. For that purpose, we compare the student feedback with the prior self-assessment of performance on the same items. We expect that teachers whose self-assessment deviates more from the students' evaluations respond more strongly, as student feedback may contain more 'news' in that case. In line with this, we …nd no e¤ect of the feedback treatment for teachers who evaluate themselves similarly to the students'evaluation. The estimate of the treatment e¤ect for these teachers is very close to zero. We do …nd a signi…cant positive treatment e¤ect for teachers who learn that their own assessment is much more favorable than their students'evaluation.
Our …ndings are well in line with Centra (1973) , the only prior study -to our knowledge -investigating whether teachers' response to student evaluations depends on the discrepancy between teachers' self-assessment and their students'evaluations. Among a sample of about 350 teachers at 5 di¤erent colleges in the US, he …nds on average little e¤ect of mid-semester feedback on end-of-semester student ratings. However, among teachers for whom students'mid-semester ratings fell short of their own assessment, endof-semester ratings increased more strongly as compared to similar teachers who did not receive feedback. Our study …nds, in a di¤erent population, similar results that hold over the period of a full year. improvements in student evaluations caused by teachers' response to students' feedback lead to a worsening of student performance.
How a teacher's performance compares to the performance of her colleagues may also matter for the e¤ect of receiving feedback. In our experiment, all teachers -both in treatment and control-were informed about the average of the evaluation outcomes of the teachers in their team. This implies that some teachers in the treatment group learn that they perform better than their direct co-workers, while others learn that they perform worse. Relative performance information may matter for the performance of teachers when they care about their status (Moldovanu et al. 2007 , Besley and Ghatak 2008 , Auriol and Renault 2008 or when teachers want to conform to social norms (Bernheim 1994 , Sliwka 2007 ). Our results show that the treatment e¤ect is very close to zero for teachers who perform better than their team. We do …nd a positive but small (and only marginally signi…cant) e¤ect of feedback for workers who perform worse than their team.
An additional response of teachers to receiving student evaluations that con ‡ict with their self-assessment is to adjust their self-assessment. We …nd only small e¤ects of the feedback treatment on the self-assessment of teachers. Teachers who learn that their students'evaluations are on average better than their self-assessment do not update their self-assessment. Teachers who learn that their students'evaluations are worse than their self-assessment do lower their self-assessment of performance, but only to a limited extent.
When we presented these …ndings in seminars and conferences, we were often asked whether there are gender di¤erences in the response to feedback. Roberts and Nolen-Hoeksema (1994) and Johnson and Helgeson (2002) …nd that women are more likely to internalize feedback than men, in particular when the feedback is negative. In lab experiments, Mobius et al. (2007) and Buser et al. (2018) …nd gender di¤erences in updating in response to relative performance, where women turn out to be more conservative in updating after receiving relative performance feedback than men. Azmat and Iriberri (2016) …nd that males'performance improves signi…cantly more than females'performance after receiving relative performance feedback (in addition to feedback on individual performance). This gender di¤erence does not depend on the content of feedback, and is stronger under individual pay-forperformance than under ‡at wages.
Performing our analysis separately for male and female teachers, we …nd that the pattern of responses as described above is entirely driven by female teachers. Whereas male teachers hardly respond to feedback independent of the content, we …nd that female teachers' performance increases significantly after learning that their student evaluation score falls below their self-assessment score as well as when they learn they perform worse than their team. Moreover, in contrast to male teachers, female teachers adjust their self-assessment downwards after learning that students rate them less favorably than they rated themselves. As this is an ex post analysis, these results should be considered as exploratory. Further research on gender differences in response to feedback is warranted.
Finally, we investigate whether receiving feedback and the content of the feedback have an e¤ect on teachers'job satisfaction. Receiving information about performance might a¤ect teachers'job satisfaction when teachers intrinsically care about their performance (as in e.g. Besley and Ghatak 2005 and Delfgaauw and Dur 2008) or when they enjoy being perceived as a competent or dedicated teacher (as in Suurmond et al. 2004 or Benabou and Tirole 2006) . In either case we would expect that job satisfaction of teachers in the treatment group increases with the di¤erence between student feedback and teacher's self-assessment. Earlier work by Ryan et al. (1980) shows that the introduction of student evaluations negatively a¤ects job satisfaction on average. Our results show that providing teachers with feedback on their performance has no signi…cant e¤ect on their job satisfaction. We …nd a similar result when we look at the e¤ect of the content of feedback.
We proceed as follows. The next section provides a detailed description of the …eld experiment. Section 3 reports the descriptive statistics of the sample. In section 4 we describe our empirical strategy. The results of the …eld experiment are presented in section 5. We discuss gender di¤erences in response to feedback in section 6. Finally, section 7 concludes.
Experimental design 2.1 Background
The …eld experiment took place at a Dutch school for intermediate vocational education between the end of 2011 and the beginning of 2013. The school o¤ers education to teenagers (usually in the age range from 16 to 20) and (young) adults. The o¤ered curricula prepare for a large number of occupations, including technical professions, administrative jobs, maritime professions, and jobs in information technology, health care, and the hospitality sector. In all …elds, there are multiple programs that di¤er by level and duration. The durations of programs vary between one and four years.
All teachers are assigned to teams that are supervised by a manager. The teams are organized around educational …elds. Each team consists of roughly 10 to 20 teachers. Teachers teach one or several courses to a number of di¤erent classes of students. Teachers of general subjects (such as language or math) typically teach in multiple …elds, while most teachers of …eld-speci…c courses (such as cooking or inland shipping) only teach students within their own …eld. Depending on the …eld of education, the average class size is 10 to 30 students. Students can have the same teacher for di¤erent courses in their program.
In 2011, the school had almost 8,000 students and about 470 teachers divided over 27 teams. The school merged in 2012 with another intermediate vocational education school, which increased the number of students to about 9,500 and the number of teachers to about 550. In 2013, the school had 9,000 students and 520 teachers. The merger did not interfere with our experiment, in that the organizational structure as well as the composition of the teams in the experiment remained largely unchanged. However, the merger did result in a higher attrition of teachers, which we shall analyze in depth in the next section.
The teachers in the experiment had not received individual feedback from student evaluations at this school in the past. During the experiment, no other individual feedback based on student evaluations was provided to the teachers. The school does participate in a national survey on student satisfaction, which provides information about the student evaluations of the school and of educational …elds. Furthermore, most teachers have annual performance interviews with their manager. Finally, in 2011 teachers participated in a 360 degree evaluation, which included feedback from their manager, colleagues, and external clients (such as companies that provide internships), but not from students. None of these alternative types of feedback di¤ered between teachers in the treatment group and the control group in our experiment.
Teachers at this school earn a ‡at wage. The school originally intended to follow up on this feedback experiment with another, government-funded experiment aimed at testing the e¤ects of individual incentive pay for teachers, partially based on student evaluation scores. However, this plan was abandoned in May 2012 due to central government budget cuts. The school did continue the yearly student evaluations after the experiment ended.
Set-up of the experiment
The experiment is based on two waves of student evaluations of teachers. The …rst wave took place at the end of 2011, the second wave at the end of 2012. In a pilot prior to 2011, six teams had implemented student evaluation surveys that consisted of 19 items. After analyzing the outcomes of these surveys, we used an adjusted version of this questionnaire in our study. The six pilot-teams are not part of our experiment, which took place within the remaining 21 teams. The …nal version of the questionnaire can be found in Appendix A. It consists of 19 statements, to which students could respond on a 5-point scale ranging from 'disagree'to 'agree', 2 as well as a space for comments and recommendations. The questionnaire includes statements on teacher quality, organizational aspects, and interpersonal skills.
In both years, the questionnaires were administered at the end of the …rst teaching period in the school year. Before the start of the school year, teachers were informed through an information bulletin that student evaluations would take place. Further, in 2011, teachers were informed that a random half of the teachers would receive their evaluation scores, so as to enable an evaluation of the e¤ects of feedback provision. Exactly which teachers would receive their scores was determined after the student evaluations and teacher self-assessments had taken place, through a randomization procedure described below. In 2012, teachers were informed that all of them would receive their scores this time. Our experiment thus yields an estimate of the e¤ect of feedback provision on subsequent performance. Our design does not enable us to assess the e¤ect of the anticipation of feedback provision (as all teachers anticipated that they might receive feedback), nor can we assess the possible e¤ects of performance measurement (because all teachers knew that their performance would be measured).
The completion of the surveys by students took place during class hours, under the supervision of (preferably) a person who was not evaluated by that class of students. Students went to a separate classroom, where each of them had access to a computer to complete the surveys. It was decided that students would evaluate a maximum of three teachers. Asking students to evaluate more teachers was deemed undesirable, as students might lose interest after …lling out several questionnaires. The team managers decided which teachers would be evaluated by a particular class of students. In the data, the number of teachers evaluated by a student ranges from 1 to 5. Nearly all teachers in the 21 teams were evaluated by students. All teachers were asked to complete a self-assessment questionnaire on the same items as contained in the student evaluation questionnaire. 3 After the …rst wave of evaluations had taken place, we randomly assigned teachers to treatment and control. Within each team, we strati…ed the assignment by average student evaluation score and by the di¤erence between teachers'average self-assessment score and average student evaluation score, 2 In addition, students could respond "Do not know / not applicable" to a statement. Throughout the analysis, we treat such responses as missing observations. Alternatively, we could drop questionnaires with partial non-response altogether. This reduces the sample size to quite some extent, but does not a¤ect any of our main conclusions. 3 In contrast to the student evaluation form, the questionnaire for teachers did not contain "Do not know / not applicable" as a possible answer category. Only 5 teachers refrained from answering one or more items. We excluded these teachers from the sample. in the following way. Within each team, we ranked teachers by their average score (over all students that evaluated them) on all 19 statements except statements 14 and 15. 4 Based on this ranking, we created three equally large strata. Within these strata, we ranked all teachers based on the di¤erence between their average self-assessment scores and their average student evaluation score, both based on the same 17 items. Using this ranking, we alternated the assignment of teachers to treatment and control, using a random device to determine whether the teachers in odd positions or the teachers in even positions were placed in the treatment group. 5 This procedure helps to create balance between the treatment group and the control group in terms of average student evaluation score as well as in terms of the gap between student evaluation scores and self-assessment score. Moreover, we obtain balance across teams.
The teachers in the treatment group received their feedback in Spring 2012 through e-mail. It contained the average student evaluation score on each of the 19 items, both for all evaluations together as well as split out by class. It also contained the average evaluation score over all items, again averaged over all evaluations as well as by class. Furthermore, it included the teacher's self-assessment scores, on all items as well as the overall average. Lastly, it contained the average student evaluation score of all teachers in the teacher's team, on all 19 items as well as the overall average. Note that in the team scores, the student evaluations of teachers in the control groups are included. The team managers also received this feedback of the teachers in the treatment group (but not of the teachers in the control group). The teachers in the control groups did not receive their individual student evaluation scores, but they did receive their self-assessment scores as well as the team scores. 6 To study the e¤ect of receiving feedback, our main performance measure is average student evaluations one year later. Unfortunately, there are no 'objective'performance measures available. During the period of our experiment, there were no standardized tests at this school. Moreover, as students had about half of their teachers who did and the other half of their teachers who did not receive feedback, we cannot use passing rates, drop-out rates, or grade averages as performance measures. At the end of 2012, we conducted another wave of student evaluations, using the same questionnaire and the same procedure. This time, all teachers were informed that they would receive their 2012 student evaluation scores, which happened in Spring 2013 through e-mail. Furthermore, all teachers were asked to complete the self-assessment questionnaire again. This allows us to study whether teachers'self-assessment responds to students'feedback.
Lastly, to examine the e¤ect of feedback on teachers'job satisfaction, we use data from an employee satisfaction survey that was conducted independently of this experiment at the end of 2012. We measure a teacher's job satisfaction by her answer to the statement: "I am satis…ed with working at [school name]". Respondents could answer on a 5-point scale ranging from "not at all satis…ed"to "fully satis…ed". 7 Table 1 reports descriptive statistics for the teachers in our analysis. In the …rst wave, teachers are on average evaluated by about 33 students. The average evaluation score of a teacher in 2011 is 4:12 on a 5-point scale. The average evaluation score in 2011 hardly di¤ers between teachers in the treatment group and teachers in the control group. The di¤erence is 0:05 and statistically insigni…cant. On average, teachers'self-assessment score is 4:60, which is considerably higher than the evaluations by their students. There is no signi…cant di¤erence in teachers' self-evaluations between the treatment group and the control group. On observable characteristics, teachers in the treatment and the control groups are also comparable. Teachers in the treatment group are slightly less likely to be female, are a bit younger, have shorter tenure, and work less hours on average. Only the di¤erences in working hours and tenure are marginally signi…cant at the 10-percent level. 8 Figure 1 shows the average student evaluation score in the treatment group and the control group for both years. For both groups, the average evaluation score in the …rst year is slightly higher than the average score in the second year. This reduction in evaluation scores is slightly smaller for teachers in the treatment group. Figures 2 and 3 show the distribution of the student evaluation scores in the treatment group and the control group, for the …rst and second year, respectively. Figures 2 shows that our strati…ed randomization was successful in balancing teachers' 2011 average student evaluation scores between the treatment group and the control group. The distributions of the 2012 average evaluation scores do not markedly di¤er from their 2011 counterparts. Table 2 compares the teachers in our sample with the 81 teachers who drop out of the sample after the …rst wave of student evaluations. 9 Attrition is balanced between the treatment and control group: 38 teachers (24.7%) drop out of the treatment group and 43 teachers (25.4%) drop out of the control group. Teachers who drop out of the sample receive lower student evaluations in the …rst wave as compared to teachers who remain in the sample. The di¤erence is 0:11 points and statistically insigni…cant. The average self-assessment score is signi…cantly lower among teachers who drop out as compared to the teachers in our sample. Furthermore, teachers who leave the sample are signi…cantly older and have longer tenure, suggesting that retirement is partially responsible for attrition. The …nal two columns in Table 2 split the group of teachers who drop out by their assignment to the treatment group and the control group. Teachers who were assigned to the treatment group receive slightly worse student evaluation scores, evaluate themselves higher, and have longer tenure as compared to teachers assigned to the control group. However, none of these di¤erences is statistically sig-ni…cant. 10 Not all teachers in our sample completed the self-assessment questionnaire. Among the 242 teachers in our analysis, 166 teachers performed the self-assessment in the …rst year and 132 teachers did so in both years. Table  3 compares the teachers who completed the self-assessment survey twice with the teachers who did so only once or never. Most importantly, there is no signi…cant di¤erence between the treatment and control group in the number of times a teacher completes the self-evaluation. Furthermore, we …nd no di¤erence in …rst-wave self-evaluation scores between teachers who did and did not complete the second self-evaluation. We do …nd that teachers who completed none of the self-evaluations receive signi…cantly lower student evaluation scores in the …rst wave. On observables, males are relatively likely to refrain from completing the …rst self-evaluation.
Empirical strategy
We estimate the e¤ect of receiving feedback using OLS with time-and teacher-…xed e¤ects. The dependent variable, denoted by y it , is the average student evaluation score of teacher i at time t 2 f1; 2g. This is given by the average score on the 19 items on the evaluation questionnaire (see Appendix A) averaged over all students who evaluate the teacher in a given year. 11 The main variable of interest is T it , which is a dummy variable that equals one in the second year when teacher i is part of the treatment group and zero otherwise. Furthermore, we include time-…xed e¤ects and teacher-…xed e¤ects, denoted by t and i , respectively. The regression equation reads:
The estimated average treatment e¤ect of receiving feedback is given by . In all our estimations, we cluster standard errors at the teacher level. 12 Next, we investigate how the e¤ect of receiving feedback depends on the content of the feedback, in two di¤erent ways. First, we include the interaction between the treatment dummy and the variable 4self i , which denotes 10 We further examine the issue of selective attrition in Section 5. 11 Using instead the average score excluding statements 14 and 15 (as used to stratify assignment to treatment) does not a¤ect our results in any important way. 12 Equation (1) is speci…ed at the teacher level. We also estimate the average treatment e¤ect at the student level. the di¤erence between teacher i's average self-assessment score in the …rst year and teacher i's average student evaluation score in the …rst year. We analyze this interaction e¤ect by estimating:
Note that we also interact 4self i with dummy variable E t that takes value 1 in the second year of our experiment and is zero otherwise. This interaction accounts for correlations between second-year evaluation scores and 4self i that are independent of whether the teacher received her …rst-year evaluation scores, for instance due to reversion to the mean. The relation between the content of feedback and subsequent performance may be non-linear. We perform a linear spline regression, allowing for different relations between the e¤ect of feedback and self i for positive and negative values of self i . Hence, we estimate:
correspondingly captures the negative values of self i . 13 Second, in a similar way we include the interaction between the treatment dummy and the variable 4team i , which gives the di¤erence between teacher i's average student evaluation score in the …rst year and the average of the …rst-year evaluations of all teachers in her team. Hence, 4team i denotes the extent to which teacher i performs better or worse than her colleagues, on average, as measured by the student evaluation scores.
Lastly, we estimate similar regressions using teachers'second-year average self-assessment scores and job satisfaction as dependent variables.
Results
The estimates of the average treatment e¤ect of receiving feedback on subsequent student evaluation scores are given in Table 4 . The …rst column gives the results of estimating (1) . The estimated average treatment e¤ect on the average student evaluation score is 0:043, which is both economically and statistically insigni…cant. This e¤ect is quite precisely estimated, with a standard error equal to 0.054 and a 95 percent con…dence interval that runs from 0:063 to 0:149. This result is in contrast to most previous studies on the provision of feedback as discussed in the Introduction, which usually …nd a positive e¤ect of feedback on performance. A possible explanation for this di¤erence may be that previous studies focus on the e¤ect of feedback in the short run, whereas we study the e¤ect of feedback over the period of a full year. This interpretation is consistent with Azmat et al. (2017) who …nd that students respond to relative performance information in the short run, but not in the long run (where the long run in their paper is a full year, as in ours).
The second column of Table 4 shows the average treatment e¤ect estimated at the student level. Here, the dependent variable is the average evaluation score of a teacher by individual students. Again, the estimated average treatment e¤ect is small and statistically insigni…cant. The di¤erence between the two estimates indicates that the average treatment e¤ect is slightly higher for teachers who are evaluated by relatively few students. 14 In the remainder of this paper, we only report the estimates at the teacher level; the estimated e¤ects at the student level are qualitatively similar. 15 Next, we consider possible heterogeneity in treatment e¤ects depending on the content of the feedback. First, we investigate whether the e¤ect of feedback depends on the gap between teachers self-assessment scores and the evaluation scores they receive from their students ( self i ). Column 1 of Table 5 gives the results of estimating (2) . The interaction e¤ect is positive but insigni…cant. The estimated treatment e¤ect for teachers who learn that their …rst-period self-assessment is equal to their students'assessment is very close to zero at 0:014. For teachers who learn that their students'evaluation score is one point lower than their self-assessment, the treatment e¤ect is 0:104 higher. In column 2, we report the results of estimating (3). Figure  4 depicts the estimated e¤ects of receiving feedback. We …nd that teachers whose own assessment corresponds to students'assessment do not respond to receiving feedback. The estimated treatment e¤ect is positive for teachers who learn that their student evaluation score di¤ers widely from their selfassessment. This e¤ect is signi…cant at the 5-percent level for teachers whose 14 In the estimation at the teacher level, all teachers are weighted equally, independent of the number of students that evaluate them. In contrast, teachers who are evaluated by many students receive a higher weight in the estimation at the student level, relative to teachers who are evaluated by few students. Estimating the average treatment e¤ect at the teacher level while weighing teachers by the number of students evaluating them in either the …rst or second wave gives results close to those reported in column 2 of Table 4 . 15 Additionally, we have also estimated the average treatment e¤ect on each of the 19 items of the questionaire separately. Estimated e¤ects range from 0:00 to 0:11, and is signi…cant (at the 0.06 level) only for item 5 ("The teacher is able to explain the connection to the real world.").
self-assessment exceeds their average student evaluation scores by more than one point. However, the fraction of teachers in this interval is fairly small, about ten percent (as can be seen from light grey kernel density in Figure  4 ). 16 Second, we examine whether the e¤ect of feedback depends on the gap between a teacher's …rst-period student evaluation score and the average score in his team. The third column of Table 5 gives the results of estimating (2) with 4team i instead of 4self i . We …nd that the estimated interaction e¤ect is negative and statistically insigni…cant. The estimated treatment e¤ect for teachers who learn that they perform as well as their team (on average) is 0:062. For teachers who learn that their student evaluation score is one point above the average of their colleagues, this e¤ect is reduced by 0:090 points. In column 4, we report the results of estimating (3), allowing for di¤erent relations between the e¤ect of feedback and team i for positive and negative values of team i . As illustrated in Figure 5 , the estimated treatment e¤ect is positive for teachers who learn they perform worse than their teams' average, but only signi…cant for teachers who learn that they score slightly worse than their colleagues (up to 0:5 points below their teams' average).
As discussed before, 81 teachers who were evaluated in 2011 and assigned to either the treatment group or control group were not evaluated in 2012 and, hence, are not included in the analysis. If attrition is related to the content of the feedback received, the teachers who drop out of the treatment group may di¤er from the teachers who drop out of the control group, which could bias our results. To examine whether attrition is related to the content of the feedback received, we perform probit estimations on the set of teachers with student evaluation scores in 2011, with a dummy that takes value 1 if a teacher drops out as the dependent variable. As reported in Table A .1 in the Appendix, the estimations show that neither receiving feedback nor the content of this feedback signi…cantly a¤ects the probability of dropping out. 17 We have seen that on average, teachers'self-assessment is much more fa- 16 We also examined whether treatment e¤ects di¤er by …rst-period student evaluation score. To do so, we ran a regression similar to (2), but with …rst-period student evaluation score instead of 4self i . We …nd that the treatment e¤ect is very close to zero and negatively but not signi…cantly related to …rst-period student evaluation score. Including both …rst-period student evaluation score and 4self i in one single regression gives rise to problems of multicollinearity. The correlation between …rst-period student evaluation score and 4self i is 0:71. 17 These results are robust to not including individual controls. Since we miss data on one or more individual characteristics for 41 teachers, the sample size then increases to 323. vorable than the evaluations by their students. Hence, feedback on student evaluation score may help teachers in making a more realistic assessment of their own performance. As teachers were asked to complete the selfassessment in both waves, we can examine whether teachers use the feedback to update the self-assessment of their performance. Table 6 reports the e¤ects of receiving feedback on teachers'self-assessment. The estimation reported in the …rst column only includes a treatment dummy, a year dummy, and teacher-…xed e¤ects. We …nd that, on average, teachers who have received feedback evaluate themselves worse in the second wave compared to teachers who have not received feedback. The average treatment e¤ect is 0:067, but statistically insigni…cant. The estimation reported in the second column adds the interaction between the treatment dummy and the di¤erence between teachers'…rst-period self-assessment score and their students' …rst-period evaluation scores (4self i ). As expected, the interaction e¤ect is negative, but statistically insigni…cant. In column 3, we allow the interaction e¤ect to di¤er for positive and negative values of 4self i . As depicted in Figure 6 , we …nd no signi…cant e¤ect of the treatment for teachers who learn that their student evaluation scores are higher than their self-assessed scores. In contrast, teachers who learn that their students'evaluation is less positive than their self-evaluation do assess themselves signi…cantly less positive in the second wave, compared to similar teachers who do not receive feedback. Still, the magnitude of this adjustment is rather limited.
Lastly, we examine whether receiving feedback a¤ects teachers'job satisfaction. Teachers may be positively or negatively surprised about their average evaluation score, leading to feelings of pride or resentment. Similarly, learning that one's performance is better or worse than the performance of direct colleagues may a¤ect job satisfaction as a result of status concerns or conformity preferences. The estimation reported in the …rst column of Table  7 includes only the treatment dummy. We …nd that on average, receiving feedback has no e¤ect on job satisfaction. The estimated e¤ect is 0:068 (on a 5-point scale) and statistically insigni…cant. The estimation in the second column adds an interaction between the treatment dummy and 4self i . Surprisingly, the estimated interaction e¤ect is positive, but insigni…cant. Column 3 estimates the relation separately for positive and negative values of 4self i . The results of this estimation are depicted in Figure 7 . The e¤ect of receiving feedback is very close to zero (except for teachers learning that student evaluation scores are much higher than their self-assessed score), but nowhere statistically signi…cant.
In column 4 of Table 7 , we interact the treatment dummy with the difference between a teacher's …rst-period average student evaluation score and her team's average student evaluation score ( team i ). The estimated inter-action e¤ect is negative and insigni…cant. This also holds when we estimate this relation separately for positive and negative values of team i in column 5. Figure 8 depicts the results of the latter estimation. The estimated e¤ect of receiving feedback on job satisfaction is close to zero for teachers whose evaluation scores are above their teams' average. For teachers who learn they perform worse than their direct colleagues, the estimated e¤ect is positive, but not statistically signi…cant. Hence, we …nd no e¤ect of performance feedback on job satisfaction.
Gender di¤erences in response to feedback
In this section, we analyse whether male and female teachers respond differently to receiving feedback. This analysis of gender di¤erences was not planned in advance, but initiated following questions received from conference and seminar audiences when presenting the results shown in the previous section. Hence, this is an ex post, exploratory analysis, and the results should be interpreted as such. 18 In our …nal sample, we have 123 men and 112 women; for 7 teachers we have no information about gender. Table 1 compares characteristics of male and female teachers. On average, female teachers are three years younger than male teachers, have three years less tenure, and have considerably smaller contract sizes. Among the teachers who performed the …rst self-evaluation, male and female teachers rate themselves equally high. In the …rst survey among students, female teachers receive somewhat higher average evaluation scores than male teachers (4.17 versus 4.06), although the di¤erence is not statistically signi…cant. In a regression, controlling for age, tenure, and fte, the coe¢ cient on the female dummy is 0.12, with a p-value of 0.066 (regression output not reported for brevity). On the sub-items of the student evaluation questionnaire, we do …nd that female teachers score signi…cantly higher on items 12 to 15, which capture administrative organization. 19 None of these …ndings is a¤ected when including the teachers who were only evaluated in the …rst survey.
To determine whether men and women respond di¤erently to feedback, we estimate equations (1) and (3) separately for male and female teachers. 18 Our data do not allow us to examine gender bias in student evaluations. Recently, Boring (2017) and Mengel et al. (2018) …nd that female teachers receive lower student evaluation scores than male teachers, despite being equally e¤ective in terms of student performance on standardized tests. In our data, student evaluation scores do not di¤er signi…cantly between male and female teachers (see Table 1 ), but this obviously does not rule out gender bias. 19 In the self-evaluation, female teachers do rate themselves signi…cantly higher on item 12, but not on the other items.
The regression results can be found in Table 8 , and are depicted in Figures 9 to 11. Columns 1 and 2 of Table 8 give the results of estimating the average treatment e¤ect of receiving feedback on subsequent student evaluation scores. Female teachers respond more strongly to receiving feedback than male teachers, although the di¤erence is not statistically signi…cant. Columns 3 and 4 give the results of interacting the treatment with self pos and self neg . 20 As depicted in Figure 9 , our …nding that receiving 'bad news'leads to higher performance can be entirely attributed to female teachers. Male teachers do not respond to learning that their student evaluation scores are lower than their self-assessment score, whereas female teachers' subsequent student evaluation scores increase signi…cantly. We obtain a similar result when replacing self with team in columns 5 and 6, depicted in Figure 10 . Women do respond to receiving a student evaluation score below their teams' average. Men's response, in contrast, is entirely independent of how their score di¤ers from the score of their direct colleagues. Columns 7 and 8 and Figure 11 show that these …ndings carry over to the e¤ect of receiving feedback on self-assessment. Men's self-assessment is not a¤ected at all when receiving student evaluation scores below their self-evaluation scores. Women do show a downward adjustment in their self-evaluation after receiving relatively low student evaluation scores. Finally, we do not …nd any gender di¤erences in the relation between job satisfaction and receiving feedback. Hence, in short, whereas male teachers ignore the feedback provided, female teachers do respond depending on the content of feedback.
Conclusion
This paper has studied the e¤ects of receiving students'feedback on teacher performance as measured by student evaluations one year later. We …nd that on average, receiving students'feedback has no e¤ect on teacher performance. This contrasts with recent studies on short-run e¤ects of performance feedback, which tend to …nd positive e¤ects. Our study suggests that e¤ects of feedback (if they exist in our context) are short-lived. A possible remedy might be to provide feedback more frequently. It would be interesting to examine in a future …eld experiment how teachers respond to more frequent feedback, and to learn about the dynamics of this response.
Additionally, we examined whether the response to feedback depends on 20 We …nd qualitatively similar gender di¤erences when we control for the interaction between the content of feedback and other observable characteristics (age, tenure, and fte). Of course, it is possible that the gender di¤erences are (partially) driven by nonobserved factors, leading to omitted variable bias. the content of feedback. We found that teachers who learn that their students'assessment is much less favorable than their own assessment improve performance after receiving feedback. These teachers also moderate their self-assessment, albeit to a limited extent. Teachers who learn that they are evaluated worse as compared to the average score in their team improve, albeit to a limited extent. We found no evidence that teachers'job satisfaction is a¤ected by (the content of) feedback. These content-dependent responses to receiving feedback appear to be entirely driven by female teachers, while male teachers hardly respond to any feedback. As the latter …nding is based on explorative ex post analysis, further research is needed to validate this result. Notes: a The self-evaluation was completed by 166 teachers in our sample, 82 in the treatment group and 84 in the control group, 79 males, and 85 females. *, **, and *** indicate a statistically signi…cant di¤erence between the treatment group and control group at the .10, .05, and .01 level, respectively. + , ++ , and +++ indicate a statistically signi…cant di¤erence between male teachers and female teachers at the .10, .05, and .01 level, respectively. Number of teachers 242 81 38 43 Notes: a The self-evaluation was completed by 166 teachers in our sample and by 46 teachers who dropped out, of whom 29 had been assigned to the treatment group and 17 to the control group. *, **, and *** indicate a statistically signi…cant di¤erence between the sample group and attrition group at the .10, .05, and .01 level, respectively. Within the group of teachers who drop out, none of the di¤erences between teachers assigned to the treatment group and teachers assigned to the control group are statistically sign…cant. .218 Notes: Standard errors clustered at the teacher level between parentheses. *, **, and *** indicate signi…cance based on a two-sided test at the .10, .05, and .01 level, respectively. Variable self is the di¤erence between a teacher's …rst-period average self-assessment score and her …rst-period average student evaluation score. Variable team is the difference between a teacher's …rst-period average student evaluation score and the average of all …rst-period average student evaluation scores of the teachers in her team. .016 .095 .121 Notes: Standard errors clustered at the teacher level between parentheses. *, **, and *** indicate signi…cance based on a two-sided test at the .10, .05, and .01 level, respectively. Variable self is the di¤erence between a teacher's …rst-period average self-assessment score and her …rst-period average student evaluation score. .025 Notes: Standard errors between parentheses. *, **, and *** indicate signi…cance based on a two sided test at the .10, .05, and .01 level, respectively. Individual controls are gender, age, tenure, and full-time equivalent. Variable self is the di¤erence between a teacher's …rstperiod average self-assessment score and her …rst-period average student evaluation score. Variable team is the di¤erence between a teacher's …rst-period average student evaluation score and the average of all …rstperiod average student evaluation scores of the teachers in her team. Notes: Standard errors clustered at the teacher level between parentheses. *, **, and *** indicate signi…cance based on a two-sided test at the .10, .05, and .01 level, respectively. Variable self is the di¤erence between a teacher's …rst-period average self-assessment score and her …rst-period average student evaluation score. Variable team is the di¤erence between a teacher's …rst-period average student evaluation score and the average of all …rst-period average student evaluation scores of the teachers in her team. Notes: This …gure shows the estimated treatment e¤ect given the di¤erence between a teacher's …rst-period average self-assessment score and her average …rst-period student evaluation score ( self i ). Dashed lines show the 95% con…dence interval. The grey area shows a kernel density of the observations. Notes: This …gure shows the estimated treatment e¤ect on teachers'average self-evaluation score given the di¤erence between a teacher's …rst-period average self-evaluation score and her average …rst-period student evaluation score ( self i ). Dashed lines show the 95% con…dence interval. The grey area shows a kernel density of the observations. Figure 7 : Estimated e¤ect of feedback on teachers' job satisfaction by the di¤erence between a teacher's self-evaluation score and her student evaluation score Notes: This …gure shows the estimated treatment e¤ect on teachers'job satisfaction given the di¤erence between a teacher's …rst-period average self-evaluation score and her average …rst-period student evaluation score ( self i ). Dashed lines show the 95% con…dence interval. The grey area shows a kernel density of the observations. Figure 8 : Estimated e¤ect of feedback on teachers' job satisfaction by the di¤erence between a teacher's own student evaluation score in the …rst wave and her team's average score Density -1 0 1 2 Difference between teachers' score and their team's average score Notes: This …gure shows the estimated treatment e¤ect on teachers'job satisfaction given the di¤erence between a teacher's …rst-wave average student evaluation score and the average of all …rst-wave average student evaluation scores of the teachers in her team ( team i ). Dashed lines show the 95% con…dence interval. The grey area shows a kernel density of the observations. Figure 9 : Estimated e¤ect of feedback by the di¤erence between a teacher's self-evaluation score and her student evaluation score, by teachers'gender 
Tables

Males Females
Notes: This …gure shows the estimated treatment e¤ect given the di¤erence between a teacher's …rst-period average self-assessment score and her average …rst-period student evaluation score ( self i ), by teachers' gender. Dashed lines show the 95% con…dence interval. The grey areas show kernel densities of the observations. 
Notes: This …gure shows the estimated treatment e¤ect given the di¤erence between a teacher's …rst-wave average student evaluation score and the average of all …rst-wave average student evaluation scores of the teachers in her team ( team i ), by teachers' gender. Dashed lines show the 95% con…dence interval. The grey areas show kernel densities of the observations. 
Notes: This …gure shows the estimated treatment e¤ect on teachers'average self-evaluation score given the di¤erence between a teacher's …rst-period average self-evaluation score and her average …rst-period student evaluation score ( self i ), by teachers' gender. Dashed lines show the 95% con…dence interval. The grey areas show kernel densities of the observations. 0.067 0.081 0.075 Notes: *, **, and *** indicate signi…cance based on a two-sided test at the .10, .05, and .01 level, respectively. Individual controls are gender, age, tenure, and full-time equivalent. Variable self is the di¤erence between a teacher's …rstperiod average self-assessment score and her average …rst-period student evaluation score. Variable team is the di¤erence between a teacher's …rst-period average student evaluation score and the average of all …rst-period average student evaluation scores of the teachers in her team.
